It has been shown that, if certain conditions are satisfied, 2 simultaneous equation bias will not result.
This paper presents a method for eliminating management "bias from production functions fitted to cross-section data on multi-prodLict enterprises. The method is applied to a sample of peasant farms in Rhodesia. The estimates are used to calculate marginal productivities, to examine the efficiency of allocation in the sample, to assess the relative importance of factors in leading to increases in output, and to examine the characteristics of better than average managers.
A. PROBLEMS OF STATISTICAL ESTIMATION
There is extensive literature relating to the problems of estimating the parameters in a production function."'" Without trying to survey this literature here, we shall note briefly a few points that are germane to the present paper. If the input combinations were generated by a stochastic process that led to independent variation among firms in the X^ , consistent estimates of the a-^ could still be obtained by least-squares. But firms do not select input levels randomly; rather, they choose inputs according to some set of decision rules. In this case, the production function must be viewed as part of a larger system of equations in which output and inputs are jointly determined. It is then possible that,there is little ' or no'interfirm variation in the X^• If all firms use the same decision rule, they may tend to produce at the same point on the production function.
Suppose that each firm chooses inputs so as to maximize, profits. Then Hi _ Vj. _ p k1 (2) where y. = output of firm j, J x kj = input of factor k used by firm j, B^ = the price of input k to firm j, divided by the price of output.
With competitive pricing in factor markets each input is priced the same to all firms, so that (2), written logarithmically, and with an error term added, becomes In the present study, competitive factor pricing surely does not obtain.
Simultaneous Equation Bias
Even if the production function is identifiable, it does not follow that single-equation least-squares will yield consistent estimates of the coefficients. Even if (4) holds, ^In this situation consistent estimates of the production coefficients can be obtained from where w-^ = the share of output paid to factor k by firm j. See Lawrence Klein, A Textbook of Econometrics, Evanston: Row Peterson, and Co., 1953 s pp. 193-196 ; see also I Hoch, "Simultaneous Equation Bias in the Context of the Cobb-Douglas Production Function," Econometrica, -Vol. 26, pp.-566-578, 1958. disturbance term in equation (1). In this case, simultaneous estimation'is unnecessary. Equation (5) may be expected to hold, rather than (4), if a firm's realized output differs from its anticipated output, and if the firm chooses inputs so as to maximize the latter.
This may be the case if inputs are chosen before realized output is known, as in agriculture.
Equation (5) than others on producing a specified level of output with high probability rather than simply maximizing the overall value of output. This may lead to differences among-farms in the methods of cultivation (for example, Che attention devoted to weeding). Although the u-will still be intercorrelated, the. degree of intercorrelation may be sufficiently low to justify the use of single-equation estimation; at least, this is assumed to be so in the present study. Vol. 43, PP. 44-56, 1961 . ~~~ : management ability, and A q is a constant. Prom (6) it follows that better managers will obtain larger inputs, and from (5) it follows that better managers will also tend to use more of each input.^ If differences in farm efficiency are not taken into account in estimating the coefficients in (6), the estimates will not be consistent. 2 This can be seen in Figure 1 . In (7), it is assumed that the a-^..., a are not functions of time, and that the "time" and "firm" coefficients, and respectively, are separable. Then interfarm differences that persist over the time period observed in the sample are assumed to reflect differences in the nonobservable variable, farm management.
Management Bias and Multi-Product Firms
In the sample used here, it is reasonable to expect there to be interfarm differences in efficiency. It follows from the preceding discussion that ordinary least squares may yield inconsistent estimates of the production function coefficients.
At the same time, because the data are for a single year only, where a and a . are as in (7) the general mean and the "farm" oo oo variable, respectively; a ^ is a constant associated with crop i; Y•. is the log of output of crop i by firm o? and J X k± . is the log of input k used by firm o "to produce crop i.
In equation (8), the a-^, ..., a ^ are the production elasticities associated with the independent variables in the production of crop i.
As contrasted with equation (7), the production elasticities in (8) have.a crop subscript.. Although it may make economic sense to assume that-the elasticity of production of input k is constant over time (especially if the period is relatively short), it makes much less sense to assume that input k's elasticity of production is the same for all crops.
Subscripting the elasticities, creates no difficulty;, but more degrees of freedom are used to estimate the coefficients in (8) than in (7). If there are n farms, m crops, and p^ inputs th in the i production function (exclusive of management and the crop constant), the number of coefficients to be estimated m in (8) is n + m + . E p. . The total number of observations is.
simply mn. Use of equation (8) It is difficult to know whether there is an interaction between the a . and the crops. But farming in Darwin requires no particularized skills that would enable a farmer to become significantly more efficient in producing one crop rather than another. Techniques are straightforward so that a farmer with better than average ability is likely to be more efficient in crop production generally.. Income earned on the farm is principally derived from the production of three crops: corn, millet, and peanuts.
We shall refer to a farm-crop combination as an observation...
For each observation, we have data on output, acreage, soil type, chemical fertilizer, organic manure, and labor.. We shall discuss each variable briefly.
Output is measured in physical units -pounds harvested.
There is frequently some difference in crop quality from one farm to another, but such differences tend to be of little importance. Therefore output of each crop can be regarded as a homogeneous variable. For comparability among crops, output is weighted by the average price received for the crop.
No distinction is made between marketed output and that_consumed on the farm. land is measured in acres planted to each crop. There is a difference among types of soil in the area, however, with some types being more fertile than others. To complicate the matter, the relative fertilities of different kinds of soil are not uniform among crops. Titus: one kind of soil may result in a higher corn yield "but a lower peanut yield than another soil. On balance, however, two-types of. soil appeared to be significantly more fertile than the other two types, so we used the arbitrary procedure of classifying soils into these two broad groups. The small sample prevents a finer soil breakdown.
We defined a dummy variable .for soil type, taking on the value unity for "good" soil and zero otherwise. Soil type-then enters the production function as a shift variable, implying that the absolute difference in the log of output between good and bad soil is independent pf the quantities of other inputs used.
Organic manure and chemical fertilizer are used only in the production of corn. Manure is measured in tons of compost applied. As some farms used no manure, a "c'ons taht~was--added'
to the manure variable before taking logs. The constant chosen was 100.
Only 6 of the 20 farms used chemical fertilizer.-For this reason we decided against using the value of fertilizer as a variable in the production function. Instead a dummy variable was employed to distinguish fertilizer use from non-use.
All farms in the sample had plows and cultivators, and greater than two-thirds of. the farms had mechanical planters, harrows, and "scotch carts" (ox-drawn carts). Only a few farms had other types of equipment. As an-index of fixed capital, the value of farm implements, at "undepreciated replacement cost was used. This index is subject to criticism, but is the best we have. It omits the services of draft animals, as well as investment in land improvement and soil conservation.
It also provides no information on the extent to which capital was used for one crop rather than another; we must regard capital as a .joint input available for all crops. and i denotes the crop and j the farm.
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The coefficients in equation (9) were estimated using analysis of covariance, as described above. However, a computational difficulty was encountered. Note that a farm's soil type and the value of its capital stock are the same for all three Crops. As.a result the intrafarm matrix has two rows of constants and is accordingly singular. -In principle, one can write a.computer.program that takes this singularity into account,>and that permits, estimation of the entire set of coefficients. However, it was found much simpler (and cheaper) in practice to use a somewhat less (statistically) satisfactory procedure. This procedure involves using least-squares to obtain estimates of the coefficients in each (interfarm) production function individually. It is assumed that farm management is uncorrelated with soil type and with fixed capital (on the grounds that these variables are determined exogenously) so that the interfarm and intrafarm coefficients of'these variables are identical. Then a new set of variables is defined where Z -is an estimate of the log of output of crop i obtained by farm j, net of farm j's soil type and capital A A stock, and b^ and bg^ are least-squares estimates of the coefficients of capital and soil type, respectively. It follows that Z.. can be substituted for output in the crop production functions, and analysis of covariance used to obtain intrafarm estimates of the remaining coefficients.
The estimated interfarm and intrafarm coefficients, together with their standard errors, are presented in Table 1 and 2, respectively. We tested the hypothesis of no farm effect (the a 0^ = 0 for all j ). An P value of 2.103 was obtained which, with 19 and 30 degrees of freedom, is significant at the ... Indicates input not used in producing this crop.
Regression coefficients are stated first, followed by respective standard errors in parenthesis* ID ~ Denotes significance at 5 per cent level, using one-tail test. As evidenced by xhe t-ratios, the factors that are most important in explaining interfarm differences in output are fertilizer in the corn function; land and (although not significant) soil type in the peanuts function; land, labor and soil type in the millet function. It is likely that multicollinearity is at least partly responsible for the low levels of statistical significance, especially in the intrafarm functions. For this type of exercise, 20 farms is a rather small sample.
Elasticities of Production
Ordinarily, in fitting a Cobb-Douglas function, the coefficients equal the elasticities of production of the respective inputs. One feature of the Cobb-Douglas function is that these elasticities are independent of factor ratios. In the function used here, the regression coefficients for land, capital, and labor are equal to the production elasticities, but for the remaining variables this is not the case. The elasticity of manure is obtained by multiplying the regression coefficients by -where M = the value of manureplus -100, calculated at the geometric...mean.. For fertilizer which enters the production function as a shift factor, the elasticity of production equals the regression coefficient multiplied by the value of the variable; the elasticity, was calculated at the arithmetic mean. The estimated intrafarm elasticities are presented in Table 3« The table also contains the sums of The estimated elasticities of the vari-
... ables in each function, excluding soil which is regarded as a shift variable.
To test for returns to scale, a two-tail t-test was used; the null hypothesis was that the elasticities sum to unity for each crop." 
Marginal Productivities
Prom the estimated elasticities one can obtain a set of estimated marginal productivities. The marginal productivity of factor k in producing crop i is denoted by f, . and is
In calculating the t-ratios, the variance of the sum of the estimated elasticities includes the appropriate terms from the inverse of the moments matrix. Equation (12) was used to calculate the estimated variances of the marginal productivities of land and weeding for each crop. These were used to test the hypothesis that each factor's marginal productivity is the same in all uses. Eor both land and labor, the P ratio was significant at the one per cent level, providing evidence that the marginal productivity of each input differs among crops.
Allocative Efficiency
One can calculate the gain achievable from reallocating inputs more efficiently. This gain is simply the difference ~^"The geometric mean was used for logged variables and the arithmetic mean for the remaining variables. 
Returns to Resources
Output on farms using fertilizer is $75.59 higher than on farms using no fertilizer. The mean expenditure on fertilizer was $7.71. As only 30 percent of the farms used any fertilizer, then, of those farms that did use it, the mean expenditure was $25.70. Dividing this figure into the marginal productivity figure, we obtain an estimated "average-marginal" product per dollar of fertilizer used of $2.94. There is thus scope for increased fertilizer use.
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The marginal productivity of organic manure is $1.42 per
ton. An average of 9.3 hours was used to apply a ton of manure.
Consequently the return to this labor figures out to be 15 cents per hour. Se'tting the average ocual'"to"'zero, the estimated" ranged from -.0310 to .300. Taking antilogs of these figures, the best farm could, with given inputs, obtain just twice the output of the average farm which, in turn, could obtain twice as much output as the worst farm.
It is of interest to examine the characteristics of good managers and, in particular, the tendency for better than average managers to use more (or less) of any of the productive inputs. Management (as estimated by the was regressed against each factor input in each of the three production functions. Table 5 shows the estimated simple correlation coefficients between management and the factor inputs. None of the coefficients is significant at the 5 per cent level.
The results provide some evidence that better managers use more fertilizer and spend more time weeding corn.
Sixteen of the twenty farms were settled within four years of the year in which the survey was conducted. It is therefore of interest to examine the relationship between the -25-management index and years in che area. The farmers had been drawn from other agricultural areas and from other sectors of the economy. Por these farmers, this was their first opportunity to own their own farm, to cultivate a relatively large acreage, and to farm commercially. ..One might expect there to be a "learning" factor -a farmer may learn new techniques as a'result of (1) exposure to the new form of farming, (2) agricultural extension services, and (3) trial and error. In this case, those who have been in the area longest would tend to be the best managers.
On the other hand, the fertility of virgin soil is typically; high. Therefore, the longer the land is cultivated, unless adequate soil conservation measures are undertaken, the greater the reduction in soil fertility. Por this reason, one might expect those recently settled in the area to obtain larger output per unit of input.
We calculated the mean management index for groups of farmers arranged by length of tenure on their farm (see Table 6 ).
The results are inconclusive. However, with the exception of the first group, there is little suggestion of a systematic
pattern. An P test shows no significant difference among the means. The first mean is considerably lower than the others, suggesting that it may take more than a year for a farmer to adjust to the new routine.
